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of Commissioners: ‘gf 
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penalties ingurrea | , 
by becoming: a Cha trman ” ‘or any other ‘Meader of ‘the Commission 


member of Commission es 
if a member of the Assembly saa not by “ea gon 
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(Note; Dub sections 2 and $ (above were nad’ be 
retroactive from November ist, 1914, ana apply | 
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Salary of 5 - (1) The Chairman of the Commission shall be paid 
Chairman 
an eanunual salary of $6,000. per annum and the 
same shall be a ¢harge upon and payable out 
of the Conselidated Nevenus Fund of Ontario. 
Rowuneration {2} the Chairman and each of the other members of 
of Commissioners . 
the Gommiasion may be paid such annual sum for 
their aserviess as members of the Commisai on 
ae may be determined by the Ligute: ant- 
Governor in Council out of moneys to be 
provided as set out in clause o to section 
28 of thie acte 


Seat of member (8)Notwithstanding amything contained in The 
of Aasembly not 


vacated or Legislative Assembly Act the election of the 
penalties incurred . 
by becoming a Chairman or any other member of the Commission 


member of Commission 
if a member of the Assembly shall not by reason 


of the payment to him of any salary or other 
remuneration under this det, or the acceptance 
theree? be avoided, ner shall be vacate or 
forfeit his seat or incur any of tise penalties 
imposed by that act for sitting and veting as 

@ member of the Assembly. 6 GeoeYeUel¥ 3.2 pagt 
(Note: Subsections £ and 3 (bore were made 


retroactive from November lat, 1914, and apply 
to the services of any member of tie Commission 


Gince that date 5 GaoeVegeld 028) 
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Walter J. Francis. 


Freamble. 


At 2:44 o'clock on the morning of April 20th, 1922, while the plant 
of The Ontario Power Oumpisey of Hiepara Yelle was in operation, on accident 
occurred which resulted in the reof of the northerly part 
of the plant, the total destraction of one 16,000 horse-power generator and 
very serious damage to another, with considerable inusy to the auxiliary 
plant connected therewith, and the disablement of four other large generators 
through water damage. ne employee of the Operating Department of the plant 
Was injured, but there were no fatalities. The monetary loss resulting from 
the accident was very great, probably something on the order of half a million 
dollars, © figure I mention not us en estimate mt as a gonoral indication of 
the measure of the physical effect of the accident , ure from contingent items. 


The present report is made following the instructions given me by the 
Hydro-Hlectric Inquiry Commission to study the whole question and ascertain 
if possible the cause of the accident. In pursuing the study 1 have conferred. 
freely with oll the engineers and officials interested, and as far as possible 
with all others directly concerned, and I have received the hearty co-operation 
of ali. I should record particularly the unstinted assistance of Mr. Fs. As 
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Gaby, Msis1.0., Chief Engineer of the Hydro-Nlestria Power Commission; of 

Mr. @. 0. Philp, A.M.E.I.C., Superintendent of The Ontario Power Company; 

and of Mr. W. P. Dobson, AdMeleTOe, the mginesr in me of the labora- 
tories of the lydro-ileatria Power Commission, 


I have endeavoured to state all the relevant facts with sufficient 
scouracy and in enough detail for a general understanding of the subject. 


COTY 


The original plant as designed by Mesers. P. MN. and L. lL. Bum consisted 


of fourteen tain units, membered conseaat ively from i to 4, the turbine 
vating ef Fos. 1 to 7 being a1, 860 horsee-power, Noe. 8 to 12, 15,000 herse~ 
power, Nos. 13 and la, 16,090 horee-power each, All of these units sro of 
the horizontal shatt type, and the turbine head is about 189 fost The 
generators are set with the shafts in the sume berinonta’ plane about five 
feet above the power house Shawn, and the centre of the rotor of evany 
generator is placed in the game straight line from atid to end of the plant. 


fhe power house as originally laid out was built by successive stages, 
the first part having been pat into commission im 1905, and the finel additions 


@he plant decame the property of the Hydre-Rlectric Power Commission of 
Ontario in 1917, and has since been operated by that body through its Operating 


‘te pernnoenvea itrebeatabbes wt ooo hac ere ee 


z ane illfen ated cl 


py, sas, Lehasecd sain Bd 


nerentak wits ‘0 a of snail oO aS rsondot «ik et cc 


whine sane OO ats soata-oxtyl aia 8 


deans. uae baie vention ott ths wien 07 berawwanias: ett 2 
nin tie e+ Bao en | 


| cee, (00 (86,08 8 20 91 ai hai 
Xo one ater + paontt Yo ita oo abi pia 108 00,0 ie 

eh edt atoe% O8L trade ek hawt hu 6 is 
ae ton oa, etna meno a5 a mt. Mm | 7 
‘ghee Bh soper, wat Le ele sa er as oe ay ta 
fitarte orale eda wi Sealy ide 


“yamakg bd Yo hun 68 See me aaah & 


sete Sen it ea tng we , 
vane oft tan. mood Heat Pea, YORI aE 


ambit ene Lacek baal has Oe: *. Ripa 
+e tWe senate * 


Niky 
Ny 


fe wevke ebreied sai: Prva sae aed Wa ‘etteure ate amebtsd dba ot? 


Fe hamish dhete ie tgchhge “nent edn viel bee (NEEL & vt oteasa 


gay 


Oh ft sy 


IE MED ELC EYE SELON AE TR Oe 


Wacter J. Francis & Company. 


Copy For ENcLosure TMy. J. Allan Ross. | oe : be gta (3) 


stent | of which rr. Ee €. Don Carlos is mnginser, wepertpo directiy, to. 
Mr. wy: 


The drowing entitled “Flan of Power House Vioor", being page 4 hereof, — 
shows the general plan of the whole floor of the building as at april z2nd, 
1922, and, on a larger seale, that part of the floor war Units Nos. 11 


to 16 inclusive. 


During tho years 1919 AromBlectric Power Commision of 
Ontario made the latest importunt addition to the plant, consisting of the 
installation of two complete units in e building whioh was a contimetion of 
the oririnal ballding im 4 northerly direotion, the original northerly Wall 
forming & Aividing wall between the elder part of the plant and the new. ‘The 
two new units wore designated No. 15 and No. 16, continuing the nomenclature 
of the original plant so that machine No. 15 was adjacent to the dividing 
Wall, Mo. 16 oooupying the more northerly position. Rach of the two new uriite 
had a turbine rating af 18,000 horae~power, and wes generally similar in type 
and design to the origingl unites. Both generators wore set as before with 

the roter in the same line as all the others. 

The substructure and the walls of the addition were of oonorete, and the 
floors and galleries were of reinforced concrete. The roof slab was likewise 
of reinforced sonsrete, sud was supported by steel trass girders. 


Unit Ho. 15 and Unit Zo. 16 were of the same Sepacity and were identical 
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in detail. The turbines and the generators were mamfactured by the same. 
firms, part by part. The turbine of each unit is a horiszontal-shaft, double... 
spiral casing, ¥renais turbine, and the generator of each unit is an alterna. 
ting oarrent generator of 15,009 kilo-volt ampere capacity at 7% power fates... 
amd at 12,000 volts. 


The specifications for the generators provided for all the usual oon~ 
ditions, "as known to the present state of the art®, ‘The norwal speed is 
specified as Ler revolutions per nimte, and | Section XIII of the pest fiea 
tion, entitled "overspeed", resis as follows: mathe generator shall be 
designed end constructed Foy Bad Dyp ae tytstand an. overspeed test of 360 
revolutions per mimate without injory, anaes vibration or failure". 

article XXIII = Generel Guarantee, reads as ‘follows:- "The Contractor 
hereby guarantees that the generators furnished hereunder will conform im ‘all 
respects to the vequirenents of this cont rect and the eatteahed specifications; 
that the designs, materials end workmanship will be the best of their reapect- 
ive kinds as known to the present state of the art; and that the work as a 
whole, ond in every part will be amply strong, durable, complete and operative 
under all the cum@itions ef operation contemplated by thia contragt or the 
attsched specifications." 

In Section I1 of the Specification the Gontractor soknowledges familiar- 
ity with "the furshaser's aystem in general", to which the new generators are 
to be “adapted”. 


“Seetion Lil of the Speci fieat ion, General Requirements, is particalarly | 


worthy of ate, reading as follows + "On account of the large amount of power 
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dependent on each generator, the magnitude of the plant ond system of which it 
will become a part, the importance of the public service and munition industries 
served and the critical situation ae to the power supply in Ontario, resulting 
from the existing state of war, it is required that this generator (these meinen 
ators) shall be designed and built for the highest class of service and completed 
and Anstelled in the shortest possible time of 

Tn regard te the strength and guitability of sehertals there is e general 
nection in the Specificat ion, being esrtely jon ZAi < Tests of Materials", and. 
roading as follows: “Samples of those materiale proposed to be used in the 
construction of the generator (generators), whose character will materially — 
affeat the security or perfou o@ thelesame, will ‘be obte ined at the time 
such materials are made and subjected to such mechenioul, electrical and other 
tests as may be necessary to determine the suitability of the materials for 
use in the generator (generators). Gertirioa weve of all such testa will 
be furnished to the Purchaser for his information, and no materials shall be 
used in the generator (generators) which are showm by such tests to be unsuit~ 
able for much use. 211 such tests shall be at the Contractor's expense". 


The turbines were manufactured by the 5. Morgan Smith Co., of York, Ponn- 
sylvania, ond it is understood that they were originally intended for the use 
of a French Aluminum Corporation, later becoming the property of The alumimm 
Company of America. Owing to a change in the proposed plan of development, 
the Aluminum Company finally decided not to use the turbines, and by mtual 
arrangement they were accepted for use in the new addition of the plant ef The 
Ontario Power Company of Niagara Palle. ‘The arrangement wae concluded in 
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April, 1913, and the turbines were erected during the early part of the yeor ar 
i919. : | 7 : ar’ : , 2 ; 


“4 The generators were mumfactured ty the Canadian General Electric Comeny, 


| oterborowph, Ontario, on a special onier for the work under date of Jumary 
f.. “‘UBth, 1918, and were erected during the first balf of the year 1919, ‘The draw- 
‘ ing entitled “General Drawings of Ganerater 16 ", being page & hereof, shows 
the side elevation, the end elevation, and the top plan of the machine drawn to 
scale; vhile tho drawing ontitlod "Details of Rotor Kings of Gemerstor 15", 

poing page 9 hereof, shows the side elevation of the steel cast rotor rings with . 

the field coils in place, . iy of the dove~talls and key slots ahow- ) 

ing the method of attaghing the field coile to the rotor rings, an enlarged : 
sectional view of the steel cast rotor rings with the interlocking details, and . 
the sasembly of the steel] cast rotor rings on the east iron spider. 

The governors were manafastured by Tho Lombard Governor Cos, Ashland, 
Massachusetts, and the remainder of the machinery for the addition was supplied 

by standard makers. . 

) Yor the operation of these two units the Hydro-Blectric Power Sometasiee . 
provided for on additional conduit, Bo. 5, of wood-stave construction, te aonvey 

the water from the intake works to the plant. @his conduit, with ites own surge 

tank and penstoake, provided « supply of water for the new addition independently 

ef the older portion of the pleat. Otherwise, all the conditions were similar : 

to these obtaining in the older portion. ) 

The totel cost of the addition together with Unite Now. 16 and 16 and the ; 

wuxiliary plant, and the conduit, surge tanks, and ponstocks was $3 ,514,586.62. ) 
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The contract price of the tvo gotlerators somplete and ready for service waa: 
$350,000.00. 


the new unite were put into service in 1919, Nos 15 vormens ing, on June | ; 

23ra, snd No. 165 on Anguat eth, amd they contimned to operate estistuctoriiy 
until the moment of the aocident on the morning of April 20th, 1922. 

_ Mr. B. %. J. Brandon, the Engineer in oharge of the Electrical Department _ 
of the Hydro-Electric Power Commission, states in his report later referred 
to that no official overspeed test was made "on aceount of load conditions”. 
I a informed by Mr. Gaby that apart from this all the rest of the work pro~. 
ceeded in the reguler way. cm erp youn of the Canadien General Slee .. 
tric Company has made a similar statement to me. — 


While the plant ef fhe Ontario Power Company of Niagara Falls was render~ 
ing its usual normal service, in sonjunction with the Plent of The Canadian 
Hiagara Power Company, in supplying energy to the same transmission lines, the 
records of the Operating Department show that at 2:44 o'alook in the morning 
of April Z0th, 1922, a short cireuit occurred on the 110,000-volt system. 
Regular steps =n taken immediately by the operstors of the two plants to 
gard against farther trouble, and the resords show that many things were 
happening within a very short space of time. It is not surprising that Mr. 
Yhilp should report to his superiors that the exast sequense of the above 
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events camot be determined precisely, 1 should say thet he is in a better 
position than anyone else to interpret the sequence. Seeing that there appear 
to be uncertainties in the matter of the electrical events, and being satisfied 
in my own mind that the failure was of « mecheniosl nature and net eleotrical, 
I shall not discuss the operating records further than to say they appesr to 
be quite in order, the only diffionlty arising from the — } that the sequence 
of so many events in sueh a brie? interval is not olear. 


Generator Fo. 16 is reported to have been operating satisfactorily, 
apparently, immediately after the short cirguit ocourred at 2:44 som, by the 
thing in propor order. He noted at this time that the gate of Unit No. 16. 
wae wide open, but he does not remember noting the Gate opening of Unit Ko, 
15. If (mit Mo. 16 had 9 fall gate at this time it is unlixely that it would 
EE AE ANON NY DO AeTe Dene at AS. TaD aaoeteneting ; 
generstors Non. 11 and 12 emd The Canadian Miagara Power Compare 


After the acoident the records show that governors Nos. 11 and 12 were 
functioning sorrestly. The operators on The Canadian Hiagare. ‘Power Company 
plant record » reduction to norm speed in their plant in the ordinary time, 
ond it seems clear thet Unit Bo. 15 must heave been sunning away carrying 
generators Nos. 11 and 12 with it, The power house operator on duty at Unite 
Nos. 15 and 16 states thet penerator No. 15 was ruming mach faster than he 
had. ever mew it to de before, and that the gates were swinging on « rango 
from 40% to 1008 of full opening. Me farther noticed that the speed wos in- 
creasing wntil generator No. 15 went to pieces. 
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The operator on generatora Nos. 16 and 16 reperted that a second short 
Giroait opme im. This inoident, whatever it was, was probably on the instant 
that The Canadian Nisgars Power Company aut out their generator fields. 


the governor of Unit Nee 15 was apparently not in proper order during the 
period of the accident, and the condition of the governor head after the 
accident indicates that the tension spring which opposes the fly-ball motion 
had been released just about the time of the trouble, The breaking of this 
apring, however, would pomit the fly-bells to take the widest possible position 
of travel and 80 sot te close the turbine gates, tmt the general effect might 
be considered as unstable. @ if) sind fos been broken prior to the first 
short cirouit at 2:44 a.m, the governor would probably have held the machine 
at zero gate with a cortain emount of surging, tut the graphic watt meter chart 
does not indicate such « condition. The records show that governor No. 15 had 
been garefuliy inspeoted a fortnight before the secident, and that the look 
mats in the head hed been tightened et that time. Regardless of the suse, 
there ia no doubt that generater Ho. ib ran amy and reached a high speed of 
revelation which mesnttad in its complete destruction and a long sequence of 
dame 20» 


the D . 


The resulting damece wae very @reete Im addition te reducing itself te 
debris, the generster of Unit Hee 1 set up a train of demuge to other units 
and to thet part of the building im which it was housed. A portion of the 
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arete roof slab of the building. Contiming its peth, in ite desoent it agein 
pierced through the roof slab and finally struck the frame of generator No. 11 
where it came to rest. Other fragments of generator Mo. 15 were throw. upen 
generator No. 16 with such violence thet it ws very seriously damaged thereby. 
Manes Of Oli Rieke wan retmeel, te fragments. In the pit of generator Ho. 15 
were afterwards found seores of broken pleases of anst iven the size of paving 
blocks. The reinforced songrete reof of the room, with its trusses, fell in 
upon the maghinexy. She oollapse of the roof resulted in the fracturing of the 
east iron wheel case of the tarbi fs Ros 16 from whieh an elliptical 
shaped portion about eight ear and hbout six fost wide was forced, per- 
mitting the water in the penstocks from a hoight of about 120 foot te rush in 
an unsont rolled torrent inte the wilding, whenae it passed to other portions 
of the plant by wy of the doorways and other openings. Some of the water rose 
above the roof in such volume as to eoour the natural face of the exposed elite 
at the rear of the power house. the pite of generators Nos. il, 12, 13 and 14 
were filled with water, but, ae these machines hed already been taken off the 
line and the fields opened, they did not saffer any domage exeapt by water. 
Rfforts were inmediately directed to olosing the valve of No. 16 Unit by the 
valve chember man with the aseistence of operators from the power hones. The 
regords show that the valve on No. 15 Unit was closed im the apace of four 
minates, being the first to be siut, and thst all the ether valves of nite 
Nose il to 16, inclusive, were sit within a space of fifteen mimates. 

| { believe that every important inmeident during the wrecking is traceable 
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in proper sequence, but as no useful purpose would be served I shall make no 
further reference to the mutter beyond saying that I have followed it carefully 
t@ a conclusion which satisfies me, 


‘he generator of Gait Ne. 16 was totally destroyed, and the generator of 
Unit No. 16 was very seriously Gumaged. One of the wheel eases of the turbine 
of Unit Ho. 16 18 badly broken snd a new casting vill be required for ite ‘The 
fan mokore, sump motora and starters for all unite from Unit to. 10 up to Unit 
He. 1i vers submerged and susfored water demegee The alr compressor took vw 
water, and, while not seriously damaged, the piston rods were bent en the 
piston rings were broken. 8 Tedder Yixe on generator No. 14 were gery 
by the iImpant of flying debris. Generatora Yoo. 11, 12, 15 ond 14 suffered 
serious water damage and = period of about two months was reqdired to f1t them 
for return to service. Generator No. 11 received a serere blow on the base 
frame about four feet from the outside of the atetor when it was strack by the 
heavy piece of debris which came through the roof above, but apart from a deep 
ecar it fortunately sustained no other injary therefrom. The substructure of 
the addition in which Units Nos. 15 and 16 were installed aid not suffer any 
damage excepting deep surfsce abrasions. ‘The reinforced concrete felleries 
of the superstructure ef the addition were badly shattered in many places, and 
the winlews were broken. she roof, with its trusses, was completely wrecked. 

The operator in the room at the time received o severe ahosk and minor 
injuries, more or less directly attributable to the flood, but he was able to 
return to duty within a few days. 


The three photographe included herewith as pages 16 to 18, inclusive, 
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are intended to illustrate the conditions as soon as the place was unvatered 
after the accident. 


All the interested persons immediately began an investigation into the 
Cause of the accident, and persons] exominations to that end were made by 
lire Gaby, with oll the principal mombers of his staff, as well as by represent~ 
atives of the Cunadian General Nlectric Company, bailders of the generators of 
Units Nos. 165 and 16, and the 3. Morgan Gmith Company, builders of the turbines 


of Units Nos. 16 and 16. CO PY 


Ou April £7th, 1928, Mr. Philp made « comprehensive preliminary report to 
his maperior, Mr. Don Carlos. 


On July 17th, 1022, ir. EB. 1. J. Brendon aubmitted an extended report to 
lr. Gaby, setting forth the details of the seoident and ineluding two reports 
from one of hic assistents, tr. KX. 2. Stevenson. In Mere Brondon's report, 
reference is made to certain studies condueted by Professor Robert ¥. Angus, 
Msl.14C., of the Department of Mechanical Magineering of the University of 
Toronto, who by request had made an examination of the ruins and subsequently 
Sumitted a number of saleulations in regard to the steel aast rings of the 
rotor of genorntor Mo. 15, 


On July 20th, 1922, Mr. Ke B. Young, Assistant Laboratory Engineer of the 
Hydro~Blectria Power Commission, made on extended report through Mr. Dobson 
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leoking dow, on Power House from above. 


Taken April 20th, 1922. 


Wa tter J. Francis & ComPANY. 
Copy For ENcLosure TtoMr. Je Allan Ross. 


To face page 17. 


looking from above. 


®aken May 15th, 1922. 


i 
| 
| 
| 
i 


C1RL BETIS Bak 


Wa ter J. Francis & COMPANY. 
Copy ror ENcLosure TO MYe Je Allan Ross. 


Zo face page 15. 


Wa ter J. FRANcis & Company. 
Copy For EncLosure to My, J. Allan Ross. (19) 


to ir, Brendon regarding the quality of the steel in the broken pieces of the 
rotor rings. Xr, Young’s report covered the tests on standard specimens made 
from coupons cut out ef the fragments, and in the course of hia studies he 
shows that he tried the effect of heat treatnent on the steel in the laboratory. 


| I visited the same of the sootdent at ‘the Deginning of tay, and I have 
beens in the plant 80 frequently, end am sna less tough with the situation 
ever sated that it hs unnecessary to reevant the dates, On the oceasion of my 
first viatt, I fot #0 convinoed that the cause of the aceldent was te be found 
in the quality of the steel in tho two rotor rings of generator No. 15 that I 
believed it justifiable te Grey botodye directed towards studying them 
before maicing & great expenditare of time or money in any other direstion. 
Kr. Philp and Mr. Gaby concurred in this view. a e8 

After consultations with then and with ir. Dobson we acreod that it would 

be advantageous to have for eonaideretion the remlts of commercially ‘annealing 
the pleces of the steel Gast rings. socordingly, 1 eouaiuded arrangements with 
the Foun Seaboaré Steel Corperation, philadelphia, Fomnsylvania, to do the 
desired annealing. his firm is well kmown, and one with which I hove had 
eminently satisfactory relations for over twenty years. All their equipment 
is good, and their fusilities for comercial annealing are in keeping with the 
rest of thelr plant. 4 fregment of the generator rings similar to that whigh 
we warled from the roter through the root, bat more convenient for band Ling 
belug smaller in size, appearing to be generally characteristic, was chosen 
for the study in annealing. It consisted essentially of almost eqal portions — 
of cach of the two steel cast rotor rings about three feet in leneth, ‘the 
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pleses were out inte helf transversely of the rotor, thet is squarely across 
each ring, giving two pleoss of each ring about eighteen inches long. one 
part. of, each ring was subsequently cat into blanks six inches long from which 

| compen, ‘nd, ‘tost arenes were eventually made, so that al] of these blenks 

were in the naturel, ‘tondit ton of the steel ‘vefore the acoldent. The other’ 

two pieces shout eighteen, inches Long were: formed to the Fenn Seaboard 

Steel Coxporat ten with instructions to anneal thom Ghmarelaliy in such a way 
as to bits but ‘the boat quality of the steel. they were duly treated and 

were returned te Mogare Valls, Ontario, on September 26th, 1922, Sub- 
sequently they were out ap into blanks and coupons in exagtly the some manner : : 
as the unannecLed S ahaa sak de liiecke & were numbered systematically — | : 
throughoat 30° that the velye. of every test plece might be compared with that 5 | 
of every other test plese with ane regard to ite original position in ae < 5 2 | 
body of the rings ‘the dvewing included herewith as page 21, entitled "eeation et 
of Tost Speainens im Kotor ings", shovs how the blanks end coupons were out 
out, thirty-two tu sli. ‘Drawing Ko. S, page 26, shows the location af the © . 
fragments from whtoh the specimens were cat. 
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The generators in Units Nos. 16 and 16, us already pointed out, hed deen 
in satisfsctory servies for almost three yeara prior to the time of the accident. 


Tt is not recorded that they ever before passed through a crisis such as the 
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short cirewit at 2:44 o'clock on the morning of April 20th, 1922. Such a 
orisis, however, should not have regulted in tho disaster. 


The records shew that during the period of the secident, as well as heitere 
it, the machines were in charge of the regular, duly qualified operating staff 
of the plant, and that all the matomary procedure wae being observed. The 
functions of the machines vere the same ag they had been aalled upon to perform ; | 
regularly, te 


Tm studying the sequence of events, it is clear that the initial failure 
Was not in the turbine of Unit Nos 1S. It ould not have beon in any other 
turbine bossuse ao other ouk ok proper. ¥ 

The case of the turbine of Unit No. 15 was broken by impac. from above, 
the mark being plainly visible on the case. The fractured portion of the — 
turbine case shows an exeollent quality of Gast<iron, re 
used in making the oasting had shifted slightly during the casting process, 
the Variation ¢aused thereby was not sufficient to eccount for the failure of — 5) 
the turbine case. The operator notleed that generator Mo. 15 was siving trouble | 
before any water entered the room 


The suggestion that a leakage from turbine No. 15 micht have sensed trouble 
in the generator may be dismissed at once, as there is nothing to show that 
there was an eacape of water from the turbine, excepting through the broken ease " 
& secondary incident that resulted trom the crush of the falling roof, Roreover, 
the operstor observed trouble with generator No. 15 while turbine Fo. 15 was 
still operating although with acselerated speed. 
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‘The evidence shows that the generator of Unit No. 15 was running for 
five or six mimtes after the short girenit at 2:44 am, but during the 
latter part of this period the speed was increasing, and the operator 
actually saw the gonerator fly to pieces. The reason for the seceleration 
of speed has not been fully cleared up. I oan find no evidence to indisate 


_ that the stator failed first, nm the contrary there are many details 


indicating that the rotor failed first, and that all the other damage followed 
in sequence. 

The speed attained by the rotor was not observed nor gan it be determined 
with exactness. It is certain, hovever, thet the speod of the turbine aoald 
not-exceed the-apouting verlesie(o). td aYars tube. ‘The liydraulic Department 
of the liydrosBlectrio Power Commission caloulates that tho runaway speed of 
turbine Ho. 15 would be 350 revolutions por minute, and. Professor Angus pats 
it at 547 revolutions per minute as a maximum. Wy caloulations lead me to 


“agree with these figures. ‘the specifications called for a generator to safely 


Stand s runaway speed of 560 revolutions per minute. It would therefore appear 
that turbine No, 15 ms unable to drive generator No. 16 up to the specified 
runaway speed. 


Professor Angus has submitted » mmber of culeulations in his report te 
show the stresses existing in the rotor rings at a speed of 560 revolutions 
per mimte, and he concludes that the average tensile stress in the steel due 
to the centrifugal force is 7,010 pounds per square inch, and that the average 
tensile etress duo to the field soils or pole pleces is 9,550 pounds per square 
inch. In regard to the initial tensile stress in the rings due to their being 
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shrunk on to the cast iron spider, he gays that it would be "less than 28 5400 
pounds per squere inch”. Ke concludes the report with the statement, "The 
seloalat ions show that good metal entouay not have failed at the speed the 
machine attained", 

In the matter of the calonlations, I am in agreement with Professor angas, 
_ the principal digtiqulty Losin determining the conditions thet obtained at 
the moment before the failure. ‘the stresses set up by the revolutions wore 
less than he gives, becazse the machine did not attain a speed of 560 revoln- 
tions per minute. fhe stresses due to the Shrinkage, I should place at quite 
considerably less than 26,400 pounds per square. inoh, having in mind the 
relatively Sdaanieniveneatel.andep, nde wae senincemnanettsetts as of the . 
cast iron spider, and the sometimes forgotten fact thet cast iron has no 
Glastic limit in compression. The Chief gugize 
HLeotrie Company has tod me that the Come 4's record of the shrinkage opere~ 
tions show that the cast iron spider was reduced in aise by the svoling of 
the ateel onst rings, as I showld have expected, bat the resord does not &ive 
the exact ehange in the outside dlaneter of the spider. The drawings Galled 
for the imer diameter of the rings to be one~eighth of one inch less than 
the corresponding cutside diameter of the epider, and it is on the assumption 
that the cast iron spider 414 not shrink in the process that Professor anpus 
bases his computations. Having regard to all the circumstances sy own view 
is that the stresses set up as a result of the shrinkage were something on 
the order of 16,000 or 17,000 pounds per square inch. These. discussions 
Would appear to add weight to the view ef Professor angas in regard to the 
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strength of the steel cast rings. 
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after the building debris had been separated ‘trom the wreckage of the > « 
machinery, the fragments of the two steel cast roter rings of generater Ro. 15 
were assenbled in order on the floor of the room, and finally sheoked over to 
confirm their positions. the drawing imeluded herewith @s page £6, entitled 
"Details of Rotor Kings of Generator Ho. 15 after the Aaeident”, shows in. 
elevation view the actual position of the fractures in both rings, while tle” h 
photegrarh ineluded herewi a7 the assembly of the fragments - : i 
dying 4 imu & oirole om the floer. é 
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DRIED RON TALS 


; The fractures of the ringa show a very sonsiderable varistion in the : : 
qunsity of the steel, evidenved to the practised eye by the orystalline stme- 
: ture whigh varies generally from e fine grain near the outer walls of the | 
castings to an exceedingly odarse grain towards the heart of the obdbiiiiie.! 
Moreover, the fractures vary among themselves, and altogether show an utter ; 
lack of, Lanogeneity. 


“Whe General Manager of the Canadian General Electric Company has intosieet 
me thet all the ueual tests and the inspeotion at the foundry were done for 
them by the Chapaian Inepection and fest ing Company’, probably the oldest insti- _ 
tation of its kind in point of Tene extublishment in Canada, and that everything ( 
was satisfuctorly reported. He further states that it is his information that 
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the rings of tho two rotors were considered four of the best steel castings 
that ever entered their shops, and that the machining done in finishing 
then showed metal of excellent and uniform quality. This statement is 
not ingonsistent with the facts as revealed in the wreckage, when one oon- 
Siders thet the only machining done in the Contractor's shops ws on 

_ the outer surfaces only, where such annecling as the castings originally 
received would have the most beneficial effect, and that no machining nor 
cutting was required in the heart of the onstings where the effect of the 
aumealing would be the least. 


In preparing the coupon cided apon for the ‘thirtyctwe 
specimens, great diftioalty Wis oiperionced with the ariiie and cutting tools 
owing to the hardness and the wide variation in the quality of the metel of 
the fragments as token from the wreckage, wheress the corresponding coupons” 
and blanks from the same fragment of metal after annenling gare no trouble 
whatever in the cutting. it will be noted that the coupons ond blanks 
oubraced the whole cross-sectional area of the rings. 


Phe heat treatment given to the annealed frogments consisted of treating 
tho castings at 1640° Yahrenheit for nine hours, ooling quickly to black, 
and reheating to 1520° Pahrenheit for uine hours, and cooling slowly. 


Hach of the rings in the rotor weighed 51,400 pounds finished, being 
equivalent to about 45,509 pounds as a rough casting. This would probably 
involve the handling of over fifty tons of molten steel in the foundry for 
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the pouring of a ring. 


The tests on the thirty-two tensile test Spesinens were coneluded on 


- Movember 9th, 1922. All the specimens were made in accordance with the 


standards of the American Society for Testing Materials. he spocinens 
were tested to destruction in a standard Olsen testing machine, and the 
mamer of mounting the apecimens in the machine with self-aligning holders 
of the ball and socket type may be clearly seen by reference to the photo- 
graph inoluded herewith as fage Ga) lime Yerain gunge attached to tho spect 
men enabled the yield point to be very aagurately detorsined, : 
All the tasts were carried out by tr. Young under the general direotion 
of Ur. Debson. 


For the take of brevity, instead of seying fragment 11 from ring Ho. ly 
or fragment 12 from ring No. 2, or some moh nonenglature, I have used the 
Simple expression “ring Mo. 11" or "ring Fo. 12" as referring thereto. ‘this 
brief form bas been carried through all the text, drawings and photographs. 


Drawing No. 5, inoluded herewith as page 26, together with the phote~ 
graph of the assembly of the fragments of the vw tor rings included herewith 
a8 page 27, show clearly the portion of the ringe from which the test spegi~ 
mens were taken, the drawing also indissting the part of the fregments chosen 
for ennealing. 
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The following ure the results of the tests on the eight specimens of 


Zing Nee 11, a9 out from the fragnent 


cetinihi meen ietntentiamete tote 


| ' a th +, i 4 Bho. be ; 
Spegimen nas, por pds. per in 
MO. Sqe ine #Qe in. 2 ins. 
29,890 62,250 80.9 
12 =_«s«8B,100 (3,000 Ss. 
5000 64,209 20.6 
4 28,800 64,000 «= 14,0 
16 29,480 66,009 16.5 
16 27,650 68,200 11,0 
i? 29,100 61,800 6,0 
29,200 60,160 6.0 
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Yracture, quero oxp, 
e0arse crystalline, 


oarse orystalline, 


Fracture, square, 


Practare, square, 
a0arse oryatel Line. 
Pailed outside of 
punch marks. 


Fracture, square, 
Gearse orystalline, 
Yalled outeide of 
punch marks. 


Pragture, square, 
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the following are the results of the tests on the eight specimens of 

Xing Hos 1h, a8 oat from the fragment after enneulings These specimens are 

exactly comparable with the sbove eight specimens, mmber by mamber, as to 

location in the body of the casting, and, each by each, they were out with 

_ thelr onds as nearly sdjacant as preetionble to the others im the origine) 
beatings | : 3 


Sq» ime @q- in, 2 ins. Area | 


lla $3,600 vesgaon CFP VY 39.5 Yracture, silky half oup. 
124 24,900 70,800 $0.6 47.2  Breoture, silky half cup. 
134 34,800 70,300 29.0 3346 Fraatare, silky hal? qup. 
144 33,100 «= s-¥2, Boo 19.5 17-5 Praocture, square, one 
third silky, twoethinds 
fine crystalline, 


15a 87 ,700 8&9 ,800 79 18.9 Fracture, square, fine 


14. 41,700 66,000 3,9 Bed fracture, square, fine 
oryatalline. 


WA $1,100 75,609 9.6 10.6 Fracture, nauave, fine 
oryetalline, 


16, 86,450 75,100 18,5 19.0  ¥racture, square, tine 
orystalline. 


the average of the above series of eight tests is as follows re 
56,231 70,585 13.2 25.40 
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In like mamer the tests were conducted on the corresponding specimens 
from xing Nose 12. ‘The resulte are given fo: 


results for ring Wo. ll. 


il 27,200 64,200 21.5 $6.9 Fracture, half oup, 


iz 1? ,250 res O.P Y 4808 Precture, half cup, mix~ 
! ture of grumlar and 
goarse orystala, 
1s 28,700 71,900 21.5 £164 fracture, half cap, 
eoarse crystals. 
oGarse orvetals. 
15 30,260 67 ,000 8.9 %.0 Fracture, square, very 
doarse oryetalline. | 
16 34,200 34,700 1B 0.5  Practure, square, ve. 


coarse qvaniion. 
View in fractare. 


i? Bh, 800 53,400 Seb 1.9 Fraature, aquare, very 
course orystalline. 


18 14,750 $1,900 Hob 166 Fracture, square, very 
coarse crystalline. 
Palle@ outside of 
punch marks. 


the average of the above series of eight tests is as follows; 


27 ,559 60,259 12.55 18645 
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Similarly the tests on the apeoimene cat from the annealed fragment 
ving Mos 12 resulted as follows, and sre comparable with the three former 
tables in due order. 


a mn ne yer mee he i + Lae Remarics 
Bie in. * * Tee “hres 


ils 29 850 75,800 2869 S71 Prastare, silky half 


36,800 72,200 B2i0 50.0 Practure, silicy halt cup, 


12 
‘Wa 86,200 76,800 Lei 83.8 Fracture, square, fine 
@) Vy crystalline. 

14, = BY 100 74.180 29.0 21.9 Fracture, half silky, 
half fine oryatalline 
heir Sup. 

964 36,450 77 ,300 5.5 eB Fracture, square, fine 
crystalline. Two flaws 

in fracture, 

oryotelline. 


174 83,790 84,759 11.8 11.9 Practure, square, fine 


18a OF 690 82,990 15.0 12.6 Fractare, square, fine 


The average of the above series of eight teate ie se follows: 
88,905 76,460 1862 BR. 2 
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In order to show clearly the details of the broken test specimens, we 
have made fall sise photographs of fowr specimens from ring No. 11, end four 
from ring No. 12, ani included thom herewith as page % and page 37 respect~ 
ively. These specimens are 12 and 12A, and 16 and 16a, in both eases, thas 
Giving charactoristic side views of sorresponding specimens from both rings, 


. They are alse typical of the vhole thirty-two specimens, 


We have elec mde a photograph, included herewith an pace 30 . thowing the 
structure at the end fracture of every One of the thirty-two specimens full 
Size. The ends are arranged in order in two rows for each ring, the upper row 
belng from the untreated frugpent, and the Lower from the omensled fraement. 
Comparison may alse be uated grola dish? ee from one rine to the other, 


In pursuing his studies, Yr. Young has made some misrossopie phétographs 
of the effect of the anne«ling on the orystalline structure of the steel, and 
one of the photographs showing a section before and after heat treatment is 
ingluded herewith as page 39. It shows in most graphic form the change in the 
orystalline stractare resulting from the amuesling. 


AS alvesdy stated the fractured surfaces of the steel east rotor rings of 
Generator No. 15 bore universal evidence of the fact that the metal was lacking 
in homogeneity throughout the eros section. In every instance the crystalline 
structure, always very coarse near the heert of the section, showed a finer 
texture near the surface of the ousting then elsewhere, 
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Specimen Ko.12, Unannealed 


Specimen Ne.12-4, Aunealod 


OE (J am 


Taken November lath, 1922. 
Specimen No.16, Unennealed 


Specimen No.lé-a, dnnesled 


Note:- The two black lines are oxastly two inches 

and the specimens here been set at sero on 
the right hand line, eo that the elongation may be 
reudlly observed by comparing the punch mark with 
the left hand line. 
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Specimen No.12, Unannealed 


Specimen Noelea, Annealed 


feok.) PY 


faken November 14th, 1922. 
Specimen No.lé, Unannealed 


Specimen No.ls-a, Amealed 


Kote:- The two black lines are oxactly two inches 
apart and the specimens have been set at sero on 
the right hand line, so that the elongetion may be 
reedily chserved by comparing the panch mark with 
the left hand Line, 
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Taken November 14th, 1922. 
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after annealing 


Magnification. Sixty Diameters. 


Taken suguat 22nd, 1922, 


Before annealing 
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e view of the fot that the stresses in such ¢ an element are deans 
oalaalated for a wniforn’ distriltion | over the whole eross sectional ares 

of the Glement, it will be readily seen that absence of howal fovmi ty in the 
metal may be a serious nattor. 

“he teste on the thirty-two spestinens ooaftm the gmeral finding An 
every instanse, piece by piece and ring by ring, especially in regard to the 
percentage of elongation and the percentage of reduction in area, the tvo 
factors which indicate the ductility of the metal, It will be observed that 
even these factors vary between very wide limite, not only in the untreated 
specimens, bat also in those cut from the amnenied, motel, It 1s Saabtlese 
beyond the, soope, of ny inst do than point out @ very interest 
ing divergence ‘in the figures Thgarding reduetion in area on the left. hand 
side of the cross ‘section of woth of the rings as compared. ‘with the vient hand 
on the drawing ingluded herewith hig page 41. In erery ease the ultimate 
strength and the @lastio’ Limit tus materially. improved by the heut treatment. 
This drawing is sel¢ explanatory, ate would appear to indtoate a result ‘ane to 
a definite foundry practice rogerding the details of which 1 am answare. As 
aveady stated, each ofthe rings in the rough weiched. over twenty-two tons, 
and it will be seen that it wis wbaesnary th/nandle a very large amount of 
molten metal in meking the castings. 


None of the specimens out from the untreated metal would pass the stomiand 6 


a specifications for ateel castings, although I do not doubt the statement ‘of the 


N General Manager of the Canadian General Electric Company thet the ‘resting 
laboratory reported. fovoareblye mw ourrent pesetion shots toate would ve call 
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A 
62,250 68,500 
19.8 39.5 


A 
63,000 70,800 A 
38.8 472 ney 


ROTOR RING N21 


64,200 70.500 | 
Ae be 


A 
58,400 84,750 
1.9 1.9 


ae 
71,900} 78,800, 
241 23.81 


65,100 72,100 


A 
422 50.0 69,5001 74,150 


16.2 31.0 


ROTOR RING N22 


Sheet 6 
HypRo-ELECTRIC INQuIRY COMMISSION 
3 : W. D. Grecory -CHaAIRMAN 
Note - denotes number and location of test Specimens . TARCNTABORDOREE Coupany oF NADAR TERT 
The group of figures to the left of the specimen give DIAGRAM SHOWING RESULTS OF TESTS 
the ultimate strength and the reduction of area before ON THIRTY-TWO TEST SPECIMENS 


annealing, while the group to the right of the specimen FROM ROTOR RINGS OF GENERATOR IS 


é ; to, Nov. 144 ,1922. Made by Checked by/N 
give the corresponding results after annealing. Beye Nov, MA Wace voce Cunt cneckee 
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specimens cut from coupons enprefelly left projecting from the body of the 
casting for the purpose. 

Bat the teats on the thirty-tue specinens reveal & sti1a more important 
fact, namely that the charactor of the metal is entirely changed by auesling. 


” Prastigally all of the specimens out from the annenled metal would pass the 


stemdard specifigationa for steel castings, and the fow that do not come up to 
the exact requirements would not be considered by me as « justification for 
sejection Yas rather on & week sf furiter stuips these bexte prove beyond doubt 
that the retor vings would have been rendered praetically homogeneous by proper 
heat treatment, In pension" Cp faecilon two effects of annenling or heat 
treatment on steel] gastings,- first, the relief of 211 internsl stresses in the 
body of the casting, and seeond, the shanse in the erystalline stractare of the 
‘metal. The former is of creat importenco, beseuse in the untreated eomiition — 
& steel casting may be so full of internal or initial atresees, working in 
opposing ways or othorwise,- nobody oan say = az to be on the point of fractur~ 
ing iteelg. A ring such a9 thees under eonsideration, however, is one ef the — 
most favourable formes of a easting, giving lese opportunity for internal 
stresses than more complex shapes. Henee, the importance of heating the metel 
of the oasting to ouch a degree of plastinity thet these initial stresses are 
relieved. ‘The latter effeat is even more important, inasmich se it actually 
‘Changes tho character of the metal and produces a ductility comparable te # 
certain extent with that of rolled steel, whereby the motel 4s eusbled to 

3 resist stresses according to the laws of the elastic properties of metals, on 
which all our theories of stress resistance are haved. 
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‘IT would digress at the moment to express the earnest hope that ir. Dobson 

smd Bir. Young my be onabled to pursue their investigations in the interest of 
the art, and especially if there is & powsibility of generetor Nos 16 being 
reoonstructed, for there is nothing to indioste thet it is not identiosl in 


' -, @Very strugtural partionlar with generator fe. 16, I should aleo note thet the 


‘studies conducted by Mr. Dobson ani Mr. Young in the laboratory prior te the 
more comprehensive series abeve referred to, have 11 pointed to the same 
general conclusion. Yor my purpose the studies now finished are conclusive, 


i om definitely of the opinion that the secident resulted from the fatlure 
of the steel cast rotor rings of generator Mo, 16 while the roter was revolving 
at & speed less than thut specified as the safe overapeed of the machine. the 
failure of the retor rings was in turn due te the inferior quality and the lack 
ef anifommity of the metal of which the rings were composed, as revenled in the 
wreckage tut hitherte unseen in the process of warmfacture. ‘the absolute 
‘sequence of events during the foliure can never be determined, that is te say 
whether a pole piece of the rotor guve way first due to the tearing action of 
a wedge, or whether a rotor ring fractured first, bat in my Jodgnent the point 
ia not important as in both caves the quality ef the metal is immediately 
involved. | 
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Copy For ENcLosure TO Mre Je Allan Ross. (44) 


In considering the broad qnestion of practice in the use of steel costings 

a8 importont structural elements in the mumfecturing of electrical nashinery, 
| Medistely confer with the lesding manufesturers of olectrical machinery and 

with the leading steel foundry tims with o view to arriving at a general 
standard specification which will ensure the ase of only anoh steel ono lage 
68 are of proven quality and homogeneity. Speaking in the mest goneral Oy, 
I wm convinced that there in sincere desire on the pert of all to design and 
mamfagture machines of a 4 Sain nevertheless, I know of no 
standardized attempt to regulate the quality of steel castings. 


43 & Gonstrnative suggestion, I would sey that the metal of steel castings 
used as strugtmral elements of importance in electrical maghinery shonld have 
the following phyeiasl characteristies as a minimum when tested in ‘etendard 
test specinens;~ ultimate strength, 70,000 pounds per square inch; elastic 
limit, 407 of the ultimate strength; elongation in 2 inches, 225; and reduction 
of aren at point of fracture, 50%. and further, that every steel casting should 
be subjected to ouch heat treatment aw may be indicated by the chemieal com 
position of the metal to produce samplete homogeneity throaghent the entire 
body of the ousting, as evidenced by the fulyllment of the above physioa) 
requirenonts, and that the ultimate effect of the heat treatment be preven by 
the catting up aml exemination of ene or more spooimena of like mass, that 
is to say, of equal cross section and of a length greater than the least 
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